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(54) MANUFACTURE OF NITRIDE SEMICONDUCTOR ELEMENT 
(57)Abstract: 

PROBLEM TO BE SOLVED: To especially provide a method for 
manufacturing a nitride semiconductor element which enables separation of 
a nitride semiconductor element formed on a substrate with high yield, 
related to a method for manufacturing a light- emitting diode or a laser 
diode capable of emitting ultraviolet to orange lights and furthermore a 
group in-V semiconductor element that can be driven at high temperatures. 
SOLUTION: A method for manufacturing a nitride semiconductor element 
110, in which a semiconductor wafer 100 having a nitride semiconductor 102 
formed on a substrate 101 is divided into nitride semiconductor elements 
110, and in particular includes a step of radiating a laser beam through a 
semiconductor wafer 100 from the side of a first main surface (1 1 1) of the 
semiconductor wafer 100 and/or the side of a second main surface (121) of 
the semiconductor wafer 100, thus forming a scribe line 103 at a focal point 
formed at least on the side of the second main surface 121 of the substrate 
101 and/or the side of the first main surface (1 1 1) of the substrate 101. and 
a step of separating the semiconductor wafer along the scribe line. 
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1. This document has been translated by computer So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 
[Claim(s)] 

[Claim 1] It is the manufacture approach of a nitride semiconductor device (110) of dividing into a nitride semiconductor . 
device (110) the semi-conductor wafer (100) with which the nitride semi-conductor (102) was formed on the substrate 
(101). Said semi-conductor wafer (100) is minded for laser from a 1st principal plane (111) and/or 2nd principal plane (121) 
side, said semi-conductor wafer (100) — the 1st and 2nd principal planes — having — this — The process which forms 
scribe Rhine (103) in the focus which irradiated and was formed in the 2nd [ of said substrate (101) ] principal plane (121), 
and/or 1st [ of said substrate (101) ] principal plane (111) side at least. The manufacture approach of the nitride 
semiconductor device characterized by having the process which separates a semi-conductor wafer along said scribe 
Rhine. 

[Claim 2] Said 1st principal plane (111) is the manufacture approach of the nitride semiconductor device which is the nitride 
semi-conductor laminating side of the semi-conductor wafer (100) with which the nitride semi-conductor (102) was formed 
only in one side on a substrate (101). and was indicated by claim 1 which is the substrate exposure side which the 2nd 
principal plane (121) counters with the 1st principal plane (111) through a semi-conductor wafer (100). 
[Claim 3] Said scribe Rhine is the manufacture approach of the nitride semiconductor device indicated by claim 1 which is 
the crevice (103) formed in the substrate exposure. 

[Claim 4] Said scribe Rhine is the manufacture approach of the nitride semiconductor device indicated by claim 1 which is 
the damaged layer (206) formed in the interior of a substrate. 

[Claim 5] The manufacture approach of the nitride semiconductor device indicated by at least one sort chosen from a 
diamond scriber, a dicer, and a laser beam machine as a 1st [ of said semi-conductor wafer (100) with which laser is 
irradiated ] principal plane (111), and/or 2nd principal plane (121) side at claim 1 which has the process which forms said 
scribe Rhine and the slot (104) of abbreviation parallel. 

[Claim 6] It is the manufacture approach of a nitride semiconductor device of dividing into a nitride semiconductor device 
(110) the semi-conductor wafer (100) with which the nitride semi-conductor (102) was formed only in one side on a 
substrate (101), The process which irradiates laser from the 1st principal plane (111) side in which the nitride semi- 
conductor (102) of the semi-conductor wafer (100) which has the 1st and 2nd principal planes was formed, and forms 
scribe Rhine (103) in a 2nd principal plane (121) side. The process which forms the slot (104) which are said 1st principal 
plane (111) side to said scribe Rhine (103), and abbreviation parallel, and arrives at a substrate (101) front face. The 
manufacture approach of the nitride semiconductor device characterized by having the process which separates a semi- 
conductor wafer (100) along said scribe Rhine (103). 

[Claim 7] Said slot (204) is the manufacture approach of the nitride semiconductor device indicated by claim 6 formed in 
the front face by the side of the 1st principal plane (211) on which the substrate was exposed beforehand. 
[Claim 8] It is the manufacture approach of a nitride semiconductor device of dividing into a nitride semiconductor device 
(310) the semi-conductor wafer (300) with which the nitride semi-conductor (302) was formed only in one side on a 
substrate (301). Laser is irradiated from the 1st principal plane [ in which the nitride semi-conductor (302) of the semi- 
conductor wafer (300) which has the 1st and 2nd principal planes was formed ] (31 1). and 2nd principal plane (321) side 
which counters. The process which forms scribe Rhine (308) in a 1st [ of a substrate (301) ] principal plane (31 1) side, The 
process which forms in said scribe Rhine (308) and abbreviation parallel the slot (309) which does not reach a nitride semi- 
conductor (302) from said 2nd principal plane (321) side. The manufacture approach of the nitride semiconductor device 
characterized by having the process which separates said semi-conductor wafer (300) along said scribe Rhine (308). 



[Translation done.] 
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DETAILED DESCFUPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the manufacture approach of the light emitting diode which can emit light 
from an ultraviolet region to orange, laser diode, and the nitride semiconductor device further formed especially on the 
substrate with respect to the manufacture approach of the 3-5 group semiconductor device which can be driven also in the 
elevated temperature. 
[0002] 

[Description of the Prior Art] The semiconductor device using the nitride semi-conductor (InXGaYAII-X-YN, 0 <=X, 0<=Y, 
X+Y<=1) which has a high energy band gap is being developed today. The semiconductor laser to which the light emitting 
diode with which blue, green, and ultraviolet can emit light, respectively, and purple-blue light can emit light as an example 
of a device using a nitride semi-conductor is reported. Furthermore, also In an elevated temperature, the various 
semiconductor devices with a high mechanical strength in which a stable drive is possible are mentioned. 
[0003] Usually, the semi-conductor wafer with which the laminating of the semiconductor materials, such as GaAs, GaP, 
and InGaAIAs. was carried out is cut down in the shape of a chip, and is used as semiconductor devices, such as an LED 
chip with which red, orange, yellow, etc. can emit light. A dicer and a ** diamond scriber are used as an approach of 
starting in the shape of a chip from a semi-conductor wafer. After a dicer carries out full cutting of the wafer in rotation of 
the disk which uses the edge of a blade as a diamond or cuts the slot of width larger than edge-of-a-blade width deeply 
(half cutting), it is equipment cut according to external force, the needle which uses a tip as a diamond as well as a diamond 
scriber on the other hand — a line (scribe Rhine) very thin to a semi-conductor wafer — for example, after lengthening in a 
grid pattern, it is equipment cut according to external force. The crystal of zinc structure which carries neither GaP nor 
GaAs has cleavage in the ''1 10" directions. Therefore, semi-conductor wafers, such as GaAs. GaAIAs. and GaP. can be 
divided into a request configuration comparatively easily using this property. 

[0004] However, it is difficult for the semiconductor device using a nitride semi-conductor to make a single crystal form 
unlike semiconductor devices made to form on GaP. GaAIAs. or a GaAs semi-conductor substrate, such as GaAsP. GaP, 
and InGaAIAs. in order to obtain the single crystal film of a crystalline good nitride semi-conductor — MOCVD — law and 
HDVPE — making it form In tops, such as sapphire and a spinel substrate, through a buffer layer using law etc. is 
performed Semiconductor devices, such as an LED chip, must be made to form in the magnitude of a request of the nitride 
semi-conductor layer formed on silicon on sapphire etc. by carrying out cutting separation. 

[0005] The nitride semi-conductor by which a laminating is carried out to sapphire, a spinel, etc. is hetero-epi structure, a 
nitride semi-conductor — silicon on sapphire etc. — lattice constant irregular ** — jt is large. Moreover, silicon on 
sapphire has the crystal structure of hexagonal system, and does not have the property top cleavage. Furthermore, it is the 
matter with Mohs hardness very as hard [ sapphire and a nitride semi-conductor ] as about 9. 

[0006] Therefore, It was difficult to cut with a diamond scriber. Moreover, when full cutting was carried out by the dicer, it 
was not able to cut finely that it is easy to generate a crack and a chipping in the cutting plane. Moreover, there was a case 
where a nitride semi-conductor layer exfoliated partially from a substrate depending on the case 

[0007] If a semi— conductor wafer can be correctly separated in the shape of a chip, without damaging the crystallinity of a 
nitride semi-conductor, the electrical property and effectiveness of a semiconductor device can be raised. And since many 
semiconductor chips can be obtained from one semi-conductor wafer, productivity is also raised. 

[0008] Therefore, separating a nitride semi-conductor wafer for every desired chip combining a diamond scriber or a dicer 
is performed It is indicated by JP,8-274371.A etc. as the separation approach for every chip. As a concrete example, the 
manufacture approach of a nitride semiconductor device is shown in drawing 5 (D) from drawing 5 (A). The semi-conductor 
wafer (500) with which the nitride semi-conductor layer (502) was formed on silicon on sapphire (501) is shown in drawing 5 
(A). The process which forms the slot (509) by the dicer (non-** Fig.) In the depth which does not reach a nitride semi- 
conductor layer from a silicon-on-sapphIre inferior-surface-of-tongue side is shown in drawing 5 (B). The process which 
forms scribe Rhine (507) in a slot (509) is shown in drawing 5 (C). The separation process which divides the back semi- 
conductor wafer (500) of a scribe process into a chip-like semi-conductor light emitting device (510) Is shown in dra wing 5 
(D). Thereby, it is supposed that it can cut comparatively finely, without the crack of a cutting plane and a chipping 
occurring. 
[0009] 

[Problem(s) to be Solved by the Invention] However, when scribe Rhine etc. is made to form only in one side of a semi- 
conductor wafer, it is in the inclination which a crack and a chipping tend to generate in the cutting plane of another side at 
the time of separation. Although the shape of 1 surface type of the separated nitride semiconductor device can be 

_ arranged, in the shape of surface type of another side of a nitride semiconductor device, variation occurs and It is easy to 
produce a crack and a chipping to a semi-conductor wafer. Therefore, when separating a semi-conductor wafer, how by the 
side of the semi-conductor wafer side which is not formed from a scribe Rhine forming face side to break is controlled, and 
arranging and cutting the configuration of a nitride semiconductor device completely has the problem of being very difficult. 
[0010] On the other hand, it is possible to make scribe Rhine form in both sides of a semi-conductor wafer, to be able to 
break a nitride semi-conductor wafer, and to control the direction. However, the process which carries out repetition 
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re-degree immobilization of the semi-conductor wafer, preventing adhesion of dust etc. is needed for forming scribe Rhine 
in both the principal planes of a nitride semi-conductor wafer, and mass-production nature worsens extremely. Moreover. 
* degradation [ exhausting / of the cutter edge of a blade of a diamond scriber etc. ] of the semi-conductor wafer degree of 
hardness of the nitride semi-conductor formed on silicon on sapphire increases very highly, and the manufacturing cost for 
the variation in process tolerance and edge-of-a-blade exchange generates it. Furthermore, if scribe Rhine is made to form 
with a diamond scriber, the load to a diamond scriber must be changed according to wear of the edge of a blade. Moreover, 
in order to make scribe Rhine form with a diamond scriber, it must be made to contact at the include angle for which it was 
suitable for every edge of a blade of the diamond, and has the problem that mass-production nature is very bad. 
[001 1] In today when to make a smaller nitride semiconductor device form with sufficient mass-production nature correctly 
is desired, it is not enough in the above-mentioned cutting process, and the manufacture approach of a nitride 
semiconductor device of having excelled more is searched for. 

[0012] If a semi-conductor wafer can be correctly separated in the shape of a chip, without damaging the crystallinity of a 
nitride semi-conductor especially, the electrical property and effectiveness of a semiconductor device can be raised. And 
since many nitride semiconductor devices can be obtained from one wafer, productivity is also raised. 
[0013] Therefore, this invention is faced separating a nitride semi-conductor wafer in the shape of a chip, and lessens the 
crack of a cutting plane, and generating of a chipping more. Moreover, it aims at offering the manufacture approach which 
forms the nitride semiconductor device divided into a desired form and size with the sufficient yield with sufficient mass- 
production nature, without spoiling the crystallinity of a nitride semi-conductor. 
[0014] 

[M eans for Solving the Problem] This invention is the manufacture approach of a nitride semiconductor device (1 10) of 
dividing into a nitride semiconductor device (110) the semi-conductor wafer (100) with which the nitride semi-conductor 
(102) was formed on the substrate (101). Especially A semi— conductor wafer (100) has the 1st and 2nd principal planes, and 
minds a semi-conductor wafer (100) for laser from a 1st principal plane (111) and/or 2nd principal plane (121) side. The 
process which forms scribe Rhine (103) in the focus which irradiated and was formed in the 2nd [ of a substrate (101) ] 
principal plane (121), and/or 1st [ of a substrate (101) ] principal plane (111) side at least. It is the manufacture approach of 
a nitride semiconductor device of having the process which separates a semi-conductor wafer along scribe Rhine. 
[0015] In the manufacture approach of the nitride semiconductor device indicated by claim 2 of this invention, the 1st 
principal plane (111) is the nitride semi-conductor laminating side of the semi-conductor wafer (100) with which the nitride 
semi-conductor (102) was formed only in one side on a substrate (101), and the 2nd principal plane (121) is the substrate 
exposure side which counters with the 1st principal plane (111) through a semi-conductor wafer (100). 
[0016] In the manufacture approach of the nitride semiconductor device indicated by claim 3 of this invention, scribe Rhine 
is the crevice (103) formed in the substrate exposure. 

[0017] In the manufacture approach of the nitride semiconductor device indicated by claim 4 of this invention, scribe Rhine 
is the damaged layer (206) formed in the interior of a substrate. 

[001 8] In the manufacture approach of the nitride semiconductor device indicated by claim 5 of this invention, it has the 
process which forms scribe Rhine and the slot (104) of abbreviation parallel by at least one sort chosen from a diamond 
scriber. a dicer, and a laser beam machine as a 1st [ of the semi-conductor wafer (100) with which laser is irradiated ] 
principal plane (111), and/or 2nd principal plane (121) side. 

[0019] The manufacture approach of the nitride semiconductor device of this invention according to claim 6 It is the 
manufacture approach of a nitride semiconductor device of dividing into a nitride semiconductor device (110) the semi- 
conductor wafer (100) with which the nitride semi-conductor (102) was formed only in one side on a substrate (101). The 
process which irradiates laser from the 1st principal plane (111) side in which the nitride semi-conductor (102) of the semi- 
conductor wafer (100) which has the 1st and 2nd principal planes was formed, and forms scribe Rhine (103) in a 2nd 
principal plane (121) side. It has the process which forms the slot (104) which are a 1st principal plane (111) side to scribe 
Rhine (103), and abbreviation parallel, and arrives at a substrate (101) front face, and the process which separates a semi- 
conductor wafer (100) along scribe Rhine (103). 

[0020] A slot (204) is formed in the front face by the side of the 1st principal plane (21 1) on which the substrate was 
exposed beforehand in the manufacture approach of the nitride semiconductor device of this invention according to claim 7. 

[0021] The manufacture approach of the nitride semiconductor device of this invention according to claim 8 It is the 
manufacture approach of a nitride semiconductor device of dividing into a nitride semiconductor device (310) the semi- 
conductor wafer (300) with which the nitride semi-conductor (302) was formed only in one side on a substrate (301). Laser 
is irradiated from the 1 st principal plane [ in which the nitride semi-conductor (302) of the semi-conductor wafer (300) 
which has the 1st and 2nd principal planes was formed ] (311), and 2nd principal plane (321) side which counters. The 
process which forms scribe Rhine (308) in a 1st [ of a substrate (301) ] principal plane (31 1) side. [Embodiment of the 
Invention] which has the process which forms in scribe Rhine (308) and abbreviation parallel the slot (309) which does not 
reach a nitride semi-conductor (302) from a 2nd principal plane (321) side, and the process which separates a semi- 
conductor wafer (300) along scribe Rhine (308) Variously, without damaging a semi-conductor property by irradiating laser 
from specification in the specific part of a semi-conductor wafer, when a nitride semiconductor device is manufactured, as 
a result of the experiment, this invention persons find out that the nitride semiconductor device excellent in mass- 
production nature can be manufactured, and came to accomplish this invention. 

[0022] That is, without damaging a nitride semi-conductor layer for scribe Rhine which serves as a separation guide of a 
nitride semiconductor device by the approach of this invention, a nitride semi-conductor wafer can be penetrated and it 
can form in the point of arbitration other than a laser radiation side side. Both sides of a semi-conductor wafer can be 
processed comparatively easily, without causing a bad influence in a nitride semiconductor device from the same side side 
especially. Hereafter, the manufacture approach of this invention is explained in full detail. 

[0023] The nitride semi-conductor layer of a configuration of being set to LD (laser diode) was made to form on a spinel 
substrate as a semi-conductor wafer. The laminating of the barrier layer of InGaN which specifically serves as the multiplex 
quantum well structure where doped the buffer layer of QaN, the contact layer of the n mold GaN, the cladding layer of the 
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n mold AIGaN, the lightguide layer of the n mold GaN. and Si, and the presentation of In was changed on the spinel 
substrate, the cap layer of the p mold AIGaN, the lightguide layer of the p mold GaN, the cladding layer of the p mold 
" AIGaN. and the contact layer of the p mold GaN is carried out. The 002 laser was irradiated from the spinel substrate side 
of this semi-conductor wafer» and the damaged layer was made to form in the interface of a nitride semi-conductor layer 
and a spinel substrate as scribe Rhine. A slot is made to form in scribe Rhine and abbreviation parallel on a spinel substrate 
by the dicer. The nitride semiconductor device was made to form by pressurizing along a slot with a roller. As for each 
separated nitride semiconductor device, the end face is formed finely. Hereafter, the equipment used for the process of this 
invention is explained in full detail. 

[0024] (Nitride semi-conductor wafer 100.200.300.400) As a nitride semi-conductor wafer 100.200.300,400. the nitride 
semi-conductor 102 is formed on a substrate 101. Although various things, such as sapphire, a spinel, silicon carbide, a zinc 
oxide, and a gallium nitride single crystal, are mentioned, in order to make a crystalline good nitride semi-conductor layer 
with sufficient mass-production nature form as a substrate 101 of the nitride semi-conductor 102, silicon on sapphire, a 
spinel substrate, etc. are used suitably. Silicon on sapphire etc. does not have cleavability, and since it is very hard, this 
invention will commit it effectively especially. A nitride semi-conductor may be made to be able to form in one side of a 
substrate, and can also be made to form in both sides. 

[0025] a nitride semi-conductor (InXGaYAII-X-YN. 0 <=X. 0<=Y, X+Y<=1) — MOCVD — law and HVPE — many things can 
be formed by law etc. It can use as a semiconductor device by making a PN junction, PIN junction, and MIS junction form in 
a nitride semi-conductor. The structure of a semi-conductor can also choose terrorism junction etc. variously to gay 
junction, a heterojunction, or double. Moreover, it can also consider as the single quantum well structure and multiplex 
quantum well structure which were used as the thin film which is extent from which the quantum effectiveness produces a 
semi-conductor layer. 

[0026] Since the band gap is comparatively greatly strong with heat, a nitride semi-conductor can be used as various 
semiconductor devices, such as a transistor which has photo detectors, such as light emitting devices, such as available 
short wavelength laser, a photosensor, and a solar battery that has high electromotive force comparatively, and thermal 
resistance in light emitting diode. DVD, etc. which can emit light from ultraviolet to a red system. 
[0027] Although many things can be chosen with the process tolerance and the output of a laser beam machine as 
thickness of a substrate, when making a large slot (trench) form with laser, it is desirable not to enlarge the slot by laser 
processing etc. too much from viewpoints, such as that it takes time amount compared with a diamond scrlber or a dicer 
and partial destruction by prolonged heating. Therefore, the slot 104 formed in a semi-conductor wafer is based on laser, 
and also it can be variously chosen with a dicer or a diamond scriber in consideration of mass-production nature etc. Or it 
can be made to form with those combination. 

[0028] When making the silicon on sapphire to which the laminating of the nitride semi-conductor was carried out separate, 
in order to make an amputation stump side cut with sufficient mass-production nature, the thickness of the thinnest 
separation section of a nitride semi-conductor wafer has desirable 100 micrometers or less. If it Is 100 micrometers or less, 
a chipping, a crack, etc. can dissociate few comparatively easily. Although especially the lower limit of the thickness of a 
substrate does not ask. since mass-production nature will become being easy to be divided bad in the semi-conductor 
wafer itself if it is made not much thin. 30 micrometers or more are desirable. Moreover, when a nitride semi-conductor 
layer contains thin films, such as single quantum well structure and multiplex quantum well structure, etching etc. can also 
remove beforehand the nitride semi-conductor layer by which laser is beforehand irradiated In order to prevent the semi- 
conductor junction by laser radiation, and damage on a semi-conductor layer. Etching can use the various dry etching 
methods and wet etching methods. 

[0029] When considering as the nitride semi-conductor wafer for light emitting diodes, there is usually thickness of 300 to 
500 micrometers with a substrate, and there is thickness of several micrometers to dozens of micrometers in a nitride 
semi-conductor layer with pn junction. Therefore, most semi-conductor wafers will be occupied by the thickness of a 
substrate. In order to make processing by laser easy to perform, thickness of a substrate can be made thin by polish. Such 
polish can also make a nitride semi-conductor form on the substrate which could make thin and was ground thinly, after 
making a nitride semi-conductor form. 

[0030] In addition, it is thought that the nitride semi-conductor wafer with which laser was irradiated becomes the damaged 
layers 206 and 308 which are the sets of the crevices 103 and 403 where the exposure section used as the focus flew 
alternatively, or a microscopic micro clock. Moreover, a 1st principal plane and 2nd principal plane side means the location 
of the arbitration towards the 1st principal plane or 2nd principal plane from the one half of the total thickness on the basis 
of the total thickness of the semi-conductor wafer by which processing separation is carried out. Therefore, the front face 
of a semi-conductor wafer is sufficient, and the interior is sufficient. Furthermore, in addition to laser processing by the 
side of the 1 st principal plane and/or the 2nd principal plane, this invention may carry out laser processing of the core of 
the total thickness of a semi-conductor wafer. 

[0031] (Laser beam machine) As a laser beam machine used for this invention, a nitride semi-conductor wafer just forms a 
disengageable slot, a damaged layer, etc. Specifically, a 002 laser, an YAG laser, an excimer laser, etc. are used suitably. 
[0032] the laser irradiated by the laser beam machine can be variously boiled by request, and can make a focus adjust 
according to the optical system of a lens etc. Therefore, a slot, a damaged layer, etc. can be made to form, without making 
the focus of the arbitration of a semi-conductor wafer damage a nitride semi-conductor by the laser radiation from the 
same. Moreover, desired configurations, such as the shape of the shape of the shape of a perfect circle and an ellipse or a 
rectangle, can also be made to adjust the exposure side of laser by letting a filter pass etc. 

[0033] Only the laser which laser radiation equipment itself may be moved to formation of scribe Rhine by the laser beam 
machine, and is irradiated can also be made to scan and form by a mirror etc. Furthermore, desired scribe Rhine can also 
be formed by making the stage holding a semi-conductor .wafer drive [rotation / the upper and lower sides, right and left, / 
90 degree ] variously. It cannot be overemphasized that it is not what Is hereafter limited only to an example although the 
example of this invention is explained in full detail. 
[0034] 

[Example] (Example 1) the sapphire which is 200 micrometers in thickness and was washed — a substrate — carrying out - 
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- MOCVD — the laminating of the nitride semi-conductor was carried out using law, and the nitride semi-conductor wafer 
was made to form After a nitride semi-conductor separated a substrate, it was made to form as multilayers so that 
* considering as a light emitting device may be possible. First, the buffer layer with a thickness of about 200A was made to 
form by pouring the hydrogen gas which is NH3 (ammonia) gas. TMG (trimethylgallium) gas. and carrier gas as material gas 
in 510 degrees C. 

[0035] Next, after stopping the inflow of TMG gas, the GaN layer with a thickness of about 4 micrometers which works as 
an n mold contact layer was made to form by mentioning the temperature of a reactor to 1050 degrees 0, pouring SiH4 
(silane) gas as NH3 (ammonia) gas, TMG gas. and dopant gas. and pouring hydrogen gas as carrier gas again. 
[0036] The barrier layer made the undoping InGaN layer with a thickness of about 3nm deposit by considering only as 
carrier gas. once holding the temperature of a reactor at 800 degrees 0. and pouring hydrogen gas as material gas the back 
as NH3 (ammonia) gas. TMG gas. TMI (trimethylindium), and carrier gas. 

[0037] In order to make a cladding layer form on a barrier layer, after suspending the inflow of material gas and holding the 
temperature of a reactor at 1050 degrees C, hydrogen gas was formed as Cp2Mg (cycio PENTAJIERUMAGUSHIUMU) gas 
and carrier gas. and the GaAIN layer with a thickness of about 0.1 micrometers was made to form as a sink p mold cladding 
layer as material gas as NH3 (ammonia) gas, TMA (trimethylaluminum) gas. TMG gas. and dopant gas. 
[0038] The temperature of a reactor is maintained at 1050 degrees 0, hydrogen gas is formed as Gp2Mg gas and carrier 
gas, and the GaN layer with a thickness of about 0.5 micrometers was made to form as a sink p mold contact layer as NH3 
(ammonia) gas, TMG gas, and dopant gas as material gas finally ( drawing 1 (A)). (In addition, annealing treatment of the p 
mold nitride semi-conductor layer has been carried out above 400 degrees 0.) 

In this way. it was made to fix on the table which can be freely driven In the direction of a flat surface of the upper and 
lower sides and right and left so that the nitride semi-conductor 102 which had the formed semi-conductor wafer 100 
formed may turn up. The laser beam (wavelength of 356nm) was irradiated from the nitride semi-conductor 102 side formed 
on silicon on sapphire 101, and the optical system of laser was adjusted so that a focus might be connected to the 
abbreviation base of silicon on sapphire 101. With a depth of about 4 micrometers scribe Rhine 103 is formed in the base of 
silicon on sapphire 101 in all directions by moving a stage, making the acjjusted laser irradiate by 16 J/cm2. If formed scribe 
Rhine 103 is seen from the principal plane of the nitride semi-conductor wafer 100, each makes it have formed in the 
magnitude of about 350-micrometer angle which serves as the nitride semiconductor device 110 after that ( drawing 1 (B)). 
[0039] Next, the slot 104 which reaches silicon on sapphire 101 from the top face of the nitride semi-conductor 102 is 
formed in the semi-conductor wafer 100 by the dicer, replacing only the laser radiation section of a laser beam machine 
with a dicing saw, and maintaining immobilization of a nitride semi-conductor wafer. The slot 104 formed of the dicer is 
formed in parallel through scribe Rhine 103 and the semi-conductor wafer 100 which were formed of laser radiation, and 
spacing of slot 104 base and the base by the side of silicon on sapphire 101 made it homogeneity mostly by 100 
micrometers ( drawing 1 (0)). 

[0040] Along scribe Rhine 103, a load can be made to be able to act with the roller of a non-** Fig., and cutting separation 
of the nitride semi-conductor wafer can be carried out. Each separated end face can form the nitride semiconductor device 
110 without a chipping or a crack ( dravvingj. (D)). 

[0041] In the example 1, scribe Rhine 103 is formed by the laser condensed on silicon-on-sapphire 101 base which 
becomes the rear-face side of the semi-conductor wafer 100 which penetrated not the front-face side of the semi- 
conductor wafer 100 with which the nitride semi-conductor 102 with which laser is irradiated was formed but the nitride 
semi-conductor 102, and silicon on sapphire 101. 

[0042] By forming the slot 104 which reaches the substrates 101, such as sapphire, the nitride semiconductor device 110 
can be divided along scribe Rhine 104 easily and correctly from the principal plane side (laser radiation side) in which the 
nitride semi-conductor 102 of the semi-conductor wafer 100 was formed. 

[0043] In addition, since scribe Rhine 103 is formed by laser, the cost generated for the variation [ exhausting / like a 
diamond scriber / a cutter ] of the process tolerance by degradation and edge-of-a-blade exchange can be reduced. 
Moreover, the effectiveness same with having processed it from semi-conductor wafer both sides can be acquired by 
processing only from one side of a semi-conductor wafer, and it becomes possible to manufacture the nitride 
semiconductor device 110 to which the configuration was equal also in the top face and the rear face, and the manufacture 
yield is raised and it becomes possible the part which can reduce the variation in a configuration, and to make end cost 
small, and for a semiconductor device to take, and to raise a number especially. Furthermore, scribe Rhine can be formed, 
without the processing waste by laser adhering on the nitride semi-conductor 102, in order to make scribe Rhine 110 form 
on the front face by the side of silicon on sapphire 101. 

[0044] (Example 2) The semi— conductor wafer with which it was made to etch Into it until the interface with the silicon on 
sapphire in which a slot is formed from a nitride semi-conductor front-face side of RIE (Reactive Ion Etching) was exposed 
to the semi-conductor wafer made to form like an example 1 , and two or more island-like nitride semi-conductor layers 205 
were formed is used. In addition, a mask Is made to form and it is made to have removed after etching so that pn each 
semi-conductor may be exposed at the time of etching. Moreover, the electrode 220 is formed in pn each semi-conductor 
layer by the sputtering method ( drawing 2 (A)). 

[0045] The same laser beam machine as an example 1 was made to place in a fixed position this semi-conductor wafer 200. 
Also in an example 2. the laser from a laser beam machine is irradiated from the nitride semi-conductor 205 side of a 
nitride semi-conductor wafer, and laser optical system is adjusted so that a focus may be connected to the interior of 20- 
micrometer silicon on sapphire from the base of silicon on sapphire 201. Scribe Rhine used as a damaged layer 206 Is 
formed In the Interior of the substrate near the base of silicon on sapphire by moving a stage, making the adjusted laser 
beam irradiate by 16 J/cm2 ( drawing 2 (B)). 

[0046] Next, laser optical system (non-** Fig.) was reacUusted. and it adjusted so that a focus might be connected to the 
top face (forming-face side of a nitride semi-conductor) of the silicon on sapphire 201 exposed by etching. By moving a 
stage, the slot which reaches silicon on sapphire from the top face by the side of a nitride semi-conductor layer is formed 
in a semi-conductor wafer, making the adjusted laser Irradiate. The formed slot 204 is made to have formed in abbreviation 
parallel through a damaged layer 206 and silicon on sapphire 201. In addition, it has adjusted so that spacing of the base of 
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a slot -and the base of silicon on sapphire may be about 100 micrometers and the slot 204 on the silicon on sapphire 201 
formed of laser radiation may become homogeneity mostly. Furthermore, laser optical system was readjusted, and it 
' adjusted so that it might be connected to the slot base on which the focus was prepared in silicon on sapphire 201. By 
moving a stage, with a depth of about 3 micrometers scribe Rhine 207 is formed in the base of the slot 204 established in 
the exposure of the silicon on sapphire in which the nitride semi-conductor was formed, making 14J /of acjiusted laser 
irradiate by 2 cm ( drawing 2 (C)). 

[0047] Then, the load was applied, the semi-conductor wafer was cut and the LED chip 210 was made to separate with a 
roller along a slot (scribe Rhine) ( drawing 2 (D)). 

[0048] In this way, when power was supplied to the formed LED chip, while all could emit light, there was almost nothing 
that the chipping has produced in an amputation stump side. The yield was 98% or more. 

[0049] In the example 2, ****** into which a thick nitride semi-conductor wafer also divides a nitride semiconductor device 
simply along scribe Rhine by forming scribe Rhine in substrate table flesh-side both sides with laser becomes possible from 
the one side side of a semi-conductor wafer Moreover, since the part in which a slot is formed is etched to silicon on 
sapphire, it is possible to raise the dependability of the nitride semiconductor device after the damage to the nitride semi- 
conductor by slot formation made it dissociate fewer. Since the focus of laser Is connected with the interior of silicon on 
sapphire when scribe Rhine Is formed especially, processing can be realized without damaging the table or the adhesive 
sheet which Is fixing the semi-conductor wafer. Moreover, there is also no generating of the processing waste by laser 
radiation. In addition, even if it performs formation of the slot instead of laser processing for all by the dicer, a nitride 
semiconductor device can be formed with sufficient mass-production nature like this invention. 

[0050] A slot and scribe Rhine are processible by non-contact to a nitride semi-conductor wafer with laser. Therefore, the 
cost generated for exchange of the variation [ exhausting / a blade and a cutter ] of the process tolerance by degradation 
and the edge of a blade can be reduced. Moreover, the effectiveness same with having processed it from semi-conductor 
wafer both sides can be acquired by processing only from one side of a semi-conductor wafer, and it becomes possible to 
manufacture the semiconductor chip to which the configuration was equal. The part end cost which raises the manufacture 
yield and can reduce the variation in a configuration is made small, and it becomes possible for the semiconductor device 
from a nitride semi-conductor wafer to take, and to raise a number. 

[0051] Furthermore. It becomes possible by forming the slot from a semi-conductor stratification plane with laser to form 
the slot where width of face is more narrow. For this reason, it becomes possible for the chip from a nitride semi-conductor 
wafer to take, and to raise a number further. 

[0052] (Example 3) To the semi-conductor wafer 300 made to form like an example 1, silicon on sapphire 301 is beforehand 
ground to 80 micrometers, and mirror plane finishing Is carried out. The 301st page of the silicon on sapphire to which the 
laminating of the nitride semi-conductor 302 Is not carried out In this semi-conductor wafer was turned up. and the stage 
of the same laser beam machine as an example 1 was placed in a fixed position ( drawing 3 (A)). 

[0053] In an example 3, the laser from a laser beam machine (non-** Fig.) is irradiated from the 301st page side (substrate 
exposure side) of the silicon on sapphire in which the nitride semi-conductor 302 of the nitride semi-conductor wafer 300 is 
not formed, and laser optical system is acljusted so that a focus may be connected to the nitride semi-conductor 302 at the 
interface of silicon on sapphire. 301 . Scribe Rhine which is a damaged layer 308 is formed as 1st scribe Rhine In all 
directions by irradiating laser near the sll icon-on-sapphire 301 Interface which touched the nitride semi-conductor 302 and 
the nitride semi-conductor, making a stage drive ( drawing 3 (B)). 

[0054] Next, the slot 309 which does not reach a nitride semi-conductor side from the silicon-on-sapphire base side where 
the laminating of the nitride semi-conductor is not carried out by the dicer by blade rotational frequency 30.000rpm and 
cutting speed 3 mm/sec, replacing only the laser radiation section of a laser beam machine with a dicing saw (non-** Fig.), 
and maintaining Immobilization of a nitride semi-conductor wafer was formed. Every direction is prepared In a damaged 
layer 308 and abbreviation parallel, and spacing at the base of a slot 309 and the base of silicon on sapphire makes the slot 
formed of the dicer form so that it may become homogeneity mostly by 50 micrometers. Furthermore, a dicing saw is 
replaced with a laser beam machine, and the focus of laser is doubled with the base of the slot 309 formed of the dicer. By 
laser radiation, 2nd scribe Rhine 307 with a depth of about 3 micrometers Is formed in the base of the slot 309 formed In 
silicon on sapphire 301 ( dr awing 3 (C)). 

[0055] Along 2nd scribe Rhine 307. the load was applied with the roller (non-** Fig.), cutting separation of the nitride semi- 
conductor wafer was carried out, and the nitride semiconductor device 310 was made to form ( drawing 3 (D)). In this way, 
there was almost nothing that the chipping has produced in the amputation stump side of the formed nitride semiconductor 
device. 

[0056] An approach given in an example 3 is forming separately the slot 309 which does not reach the nitride semi- 
conductor 302 from a substrates, such as sapphire. 301 rear-face side, and becomes possible [ separating the nitride 
semiconductor device 310 easily and correctly along scribe Rhine formed by laser ]. Therefore, supply of the nitride 
semiconductor device to which the configuration was equal also in the top face and the rear face, and improvement in the 
product yield are attained. In addition, formation of the 1st and 2nd scribe Rhine by laser beam machining can also be 
formed after processing by the dicer. Processing by the dicer can also be carried out after the 1st and 2nd scribe Rhine 
formation. 

[0057] Since scribe Rhine is formed by laser, the cost generated for the variation [ exhausting / a diamond scriber / 
cutter ] of the process tolerance by degradation and edge-of-a-blade exchange can be reduced, moreover, a nitride semi- 
conductor wafer — ********:*:5Mc* — the effectiveness there are nothings and same with having processed it from semi- 
conductor wafer both sides by processing only from one side of a semi-conductor wafer can be acquired. It becomes 
possible to manufacture the semiconductor chip to which the configuration was equal, since the manufacture yield is raised 
and the variation in a configuration can be reduced, end cost is made small, and It becomes possible for the semiconductor 
chip from a nitride semi-conductor wafer to take, and to raise a number: Furthermore, the processing waste by laser 
processing does not adhere to a nitride semi-conductor front face. 

[0058] (Example 4) The semi-conductor wafer 400 with which it was made to etch into it until the interface with the silicon 
on sapphire 401 in which a slot is formed from a nitride semi-conductor front-face side of RIE (Reactive Ion Etching) was 
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exposed to the semi-conductor wafer made to form like an example 1, and two or more island-like nitride semi-conductors 
405 were formed is used. In addition, a mask is made to form and it is made to have removed after etching so that pn each 
semi-conductor may be exposed at the time of etching. Moreover, the electrode 420 is formed in pn each semi-conductor 
layer by the sputtering method. Mirror plane finishing of the silicon on sapphire 401 of this semi-conductor wafer 400 is 
ground and carried out to 1 00 micrometers ( drawing 4 (A)). 

[0059] The silicon on sapphire 401 to which the laminating of the nitride semi-conductor is not carried out at all in the 
semi-conductor wafer 400 was turned up, and the same laser beam machine (non-** Fig.) as an example 1 was placed in a 
fixed position. In an example 4, the laser of a laser beam machine is irradiated from the 401st page side of the silicon on 
sapphire in which the nitride semi-conductor 405 of a semi-conductor wafer (400) is not formed. A focus ac|justs laser 
optical system (non-** Fig.) so that the nitride semi-conductor 405 may be tied near the front face (the substrate was 
exposed beforehand) by the side of the silicon-on-sapphire front face by which the laminating was carried out. 1st scribe 
Rhine 403 with a depth of about 4 micrometers is formed in silicon on sapphire 401 in all directions by laser scan ( drawmg 
4 (B)). "~ 
[0060] Next, laser optical system is adjusted again and the slot 409 which does not reach the 405th page of a nitride semi- 
conductor from a silicon-on-sapphire 401 side is formed in a nitride semi-conductor wafer along 1st scribe Rhine 403 by 
the scan of laser. Laser optical system is ac|justed again and the 2nd scribe Rhine with a depth of about 3 micrometers is 
formed in the base of a slot by the scan of laser ( drawing 4 (O). 

[0061] Along scribe Rhine, a load is applied with a roller (non-** Fig.), a nitride semi-conductor wafer is separated, and the 
nitride semiconductor device 410 is made to form ( drawing 4 (D)). 

[0062] When the LED chip which is the separated nitride semiconductor device was made to energize, all could emit light, 
and when the end face was investigated, there was almost nothing that the chipping and the crack have produced. The yield 
was 98% or more. 

[0063] Since scribe Rhine is formed by laser, the cost generated for the variation [ exhausting / the cutter of a diamond 
scriber ] of the process tolerance by degradation and edge-of-a-blade exchange can be reduced. Moreover, it becomes 
possible to be able to acquire the effectiveness same with having processed it from semi-conductor wafer both sides by 
processing only from one side of a nitride semi-conductor wafer, and to become possible to manufacture the semiconductor 
device to which the configuration was equal, to raise the manufacture yield, to make small the part and end cost which can 
reduce the variation in a configuration, and for the semiconductor chip from a nitride semi-conductor wafer to take, and to 
raise a number. 

[0064] (Example 5) The semi-conductor wafer was separated like the example 1, and the LED chip was made to form 
except having used the excimer laser instead of the exposure of the YAG laser of an example 1. It can dissociate without 
turning a semi-conductor wafer over, when making a semi-conductor wafer separate like an example 1. Moreover, each 
separation end face of the formed LED chip has the beautiful field which can emit light and has neither a chipping nor a 
crack. 

[0065] (Example 1 of a comparison) The semi-conductor wafer was made to separate like an example 1 except having 
carried out the scribe 3 times repeatedly instead of laser beam machining with the diamond scriber. The crack had 
produced partially the nitride semiconductor device from which the example 1 of a comparison was separated. Moreover, 
the crack arose and it was about 84% or less of yield. In addition, in order to make the slot by scribe Rhine or the dicer form 
in both sides of a semi-conductor wafer, starting workability has very bad time and effort, such as ************, and it 
took about 1.5 times as many time amount as this. 
[0066] 

[Effect of the Invention] By the manufacture approach of the nitride semiconductor device of this invention, energy can be 
centralized near a desired focus by condensing the laser irradiated from the source of laser by the optical system of a lens 
etc. Processing of a work piece is made with the focus to which this energy density became very high. The focus of the 
laser which penetrated the nitride semi-conductor wafer especially is used. The laser adjusted to the nitride semi- 
conductor wafer used as the unnecessary separation section by optical system is irradiated, and it becomes possible to 
process it freely to the field of the opposite side of a semi-conductor wafer to the laser radiation side of a nitride semi- 
conductor wafer, without damaging a required nitride semi-conductor layer. 

[0067] Therefore, by using processing with the focus of the request which penetrated the nitride semi-conductor wafer, 
this invention does not need to process a nitride semi-conductor wafer from both-sides side, and can acquire the same 
effectiveness as having processed it from front flesh-side both sides of a nitride semi-conductor wafer by processing only 
from one side. Therefore, the yield can be raised more and variation can provide a configuration with the good manufacture 
approach of few nitride semiconductor device and its mass-production nature. 
[0068] 

[Easy explanation of drawing] 

[Drawing 1] Drawing 1 is the typical fragmentary sectional view having shown the separation approach of the semi- 
conductor wafer In the example 1 of this invention. 
[0069] 

[Drawing 23 Drawing 2 is the typical fragmentary sectional view having shown the separation approach of the semi- 
conductor wafer in the example 2 of this invention. 
[0070] 

[Drawing 3] Drawing 3 is the typical fragmentary sectional view having shown the separation approach of the semi- 
conductor wafer in the example 3 of this invention. 
[0071] 

[Drawing 4] Drawing 4 is the ** type fragmentary sectional view having shown the separation approach of the semi- 
conductor wafer in the example 4 of this invention. 
[0072] 

[Drawing 5] Drawing 5 is the typical fragmentary sectional view having shown the cutting process of the nitride semi- 
conductor wafer shown for this invention and a comparison. 
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[00733 

[Description of Notations] 

' 100.200.300.400 ... Semi-conductor wafer 101. 201. 301. 401 ... Substrate 102. 302 ... Nitride semi-conductor layer 103. 403 
[ ... Scribe Rhine 207 and 307 by the damaged layer formed in the interior of a substrate. ] ... Scribe Rhine 104 and 204 
formed in the substrate front face ... Slots 205 and 405 formed in silicon on sapphire from the semi-conductor stratification 
plane ... Island-like nitride semi-conductor layer 206 407 [ ... Nitride semiconductor devices 111, 21 1, and 31 1, ] ... Scribe 
Rhine 308 formed in the slot base ... Scribe Rhine 309 and 409 formed in the boundary of a semi-conductor layer and a 
substrate ... Slots 110, 210, 310, and 410 formed in silicon on sapphire 411 ... The 1st principal plane 121. 221, and 321, 421 
[ ... Substrate 502 / ... Nitride semi-conductor layer 507 / ... Scribe Rhine 509 formed in the slot base / ... Slot 510 formed 
in silicon on sapphire / ... Nitride semiconductor device ] ... The 2nd principal plane 220 and 420 ... Electrode 500 ... Semi- 
conductor wafer 501 

[Translation done.] 
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-ri>S<, Att:6t)-0!l^ L-C, ms (A) ;!l^&la5 (D) 
l=fi<b^#3S»:5K*(Dfiift*9l**-r. ■»^77'-f T»« 
(501) ±lcM<b1^*aS<*S (502) jti<J^fi£* itfci|i»t*:';>x 
/>— (500)*B5 (A) l=3%Lrt>-6. •y-:7T-<T»« 

(7^ia) IcJ: ^31^(509) $i&fi£-r-&XS$BI 5 
(B) ic^UTt^-S, meH509) IZX^ ^ ^ y • ^ 'O 

(507) *Pfii-r -5x8*05 (c) iz^L-cfc-s. 

3fxa«)Siiti3ltt:';»X'\- (500) 
«:fl3tm^(51O)l=5J8|-r-5»l!iXS*05 (D) Izm 

*<f6^f -5 ^ t <f < tt^W^MI^WBr-r ^ C t * * 

[0009] 

[SSiaAW*LJ:3i:-r-5^)a] LA>L.<fA<e>. *3S«: 



[0 0 1 o] iftj^. #ai{t:';7x/\— oesffiicx^5-r:' 

• ^-f >*f^)a*li-S<b^¥»ft:';7x/N-©8?4x^$ftij 
— <»^±m{Z 7,^=5 ^Zf ■ ^-<>*}^fiE-r4l=l*i»i3Jtt: 

iisa£-r«xsAt!es>s^ y ««>-cai£tt«ts < 

-5. ■9-7T-<7'S«±lrfefiK$*i.fcS<b^i|i3»»: 

a)*j9*t:';>x/\-ffigi*a*!)TS< kx^^ 

-f/<-<D* y^-?D5fe/j:if«>;fitt. se<bA<* < ^Ef y Jmx 

y-f-V^vKX^^^-f/^— lcj:yx<7^^'-:?- 7-f>* 

[0 0 1 1] ifey/b$l^a^b«3^«i«:%7-$jE{tlcfii£ 
ttJ: < mmtit^^ tf3^m^*i^-^B\ztSl^X{t±tZV} 
Br?SjtlcfcLx-CI4+«-C-l4/d: < , J: y fi*ifcS<b1ft^3» 

[0 0 12] sit'^^mti^<D^^ft^mmri>zL 
tu< *a»«:'>x/\-s jekic^ set 

ciA<-e*«. LA'**, itfewt^x/x— A^^,*<a)S^b 

l^^^ft:^-?- ${9 « C ^: A<-C # « «>±jttt$ t Ir)± t 
[0 0 13] LfcA<or. *a6WI*S<biai»ij»i*:'5x/\ 

•yer/^f<Die^*J:y'>JS:<-r-5. S^bia^JiSStt: 

•y-'rxi=^^ai$*vfcs<b*}!i^ii«»:m^$fi«i4fi< 
»BR-r «tiji*^*iiflt-r * c i * a M t -r 4 4.a)-cfc 

So 

[0 0 14] 

[^S$<Pdl-^i>/=«><0^^] :$:f|B^I«. Sfi(101)± 
icfi^bia^iBt*: (102) A<jeB£ * tvfc^aSft:'!? x/ \- (1 00) 

$aibia^9(t:«-T- (1 10) i=5^gii-r «s^b^¥«t»ie? 

(110)fl)S!jt^5i-e&-5o i^lc, *S9tt:"^x/\-(100)l4 

l±m 2 a)±® (121) allA^ h \^—*f—^^^^'^JO./\— (10 
0) L-CRgDt L'>/i: < ^ (101) a>m 2 0>±S (12 



(4) ^§8¥ 1 1-163403 



1 } m&ify^ ^itSiis. (1 01) <om i<o£a (1 1 1 ) mizm^ $ 
*tfctijigicx^ • ^-f X103) $»fiR-r *ie 

[0 0 15] :tinfa<DfM^mzizRtLiiitzSitm^m 

(1 01 ) ±©-^lca)J^S<bia¥3M* (1 02) *<J^fifc 3f *ifci|i 

«{«'t;x/\-(ioo)a>Slb«s¥«^«)Bii!|-efei-J. m 

(111) ^jttiRi-r«fifiStbaffl-cA<&. 

[0 0 16] :«:%Bj(Oi9^^3lc8B«E$tLt=S^b4^¥9 

[00 1 7] *SEBja>»*^4l=gBe3F*lf=^<b^i|ia9 

tSrtSEI^JKfiS* *l.f=ftIXSSB (206) -efcSc 
[oo 1 8] ;t:fglS(7>!«^^5lclBtt$ti.ytS^b^itii« 

ssft-t^x/N— (ioo)©m 1 <o±®(iii)iii&uf/xi*m2 

<D±ffi(121)fflil=4f-f-\'*>K>l^'5-</<— . y-f-y- 
U— tf-*nx«ANt,jgS!$*L4'>JS< 1 1, 1 SIC J: 

[0 0 19] :$:feifl<DlS^^6l=8Sm(D^1b!|^^a»f$:^ 

"T-iOStigr^r^i^, 2IK(iot)±<o-^ic(O^S^b«g^« 

i* (102) A<JglS$*l,fc^}ii!S»:'t7XyN- (100) ^g^biai|i» 
i4:%'7-(110) lc5^Sl|-r-&S^b^2t^3lft:%'?-<OS!()&^^-C 
feoT. «1»t;SB2«)3EffiSWr«i|ij»»'5x/\-(1 

00) ©g^b#i*aM* (1 02) A^i^fS. ^Htzm^<D±m^^u) 

e. L/— if — siait l rm 2 ©^a a 21 ) fflii=x ^ 
-cf ■ ^-(iy{m)^mfS.^^jLmt. HKojESdii) 
fflaA^e)^^?^-^:? • ^•<>(io3)iBSTft-cfcys«(io 

1) S9ic3-r«»8is(io4)$]{$fie-r«xs^, ^^^^-f 

• 5-f >(103)lcjtt-or^|i«tt:'t?x/\-(100)*^J-fit-r 

«xs^:$«r«. 

[0020] :4:%B^a>iK^^ 7 icie»a}Sjb^^9t^m 

"T-COSlit^^lc^t^rii, »«(204);b<m 1 <D±m(2U) 

[002 1] :t:fl^(Oli^^8t=8Btla>S1b^#«(*:^ 
"T-iOaiifi^ifel^, fitfi(301)±0>-^l=(O^S1b^¥ill 

ft: (302) A<JBfie * tifc^at*-!? X/ n- (300) ^ S<b!Kj#3> 

i«:m-?-(3io) iz^&r4>mitm^m»$^^a>&&^m-xi 

ftoT. »iau:m2(D±®^^-rSi|i»tt:t7X/N— (3 
00) a>S^b1^4^«<t:(302) am&tititzm 1 a>±S (31 1) 
t afilf «m 2 (0±!B (321) fflA^ & U— »f- * RBtt LT 

SfiOODcDHi ro±®(3ii){Mic;:^.^^-f ^'0(3 

m^m^-r^jimt. m 2 0^^(321) 01 AMbSibia# 
iB<* (302) icii L^cl^3la^ (309) * x^7^-r • ^ -r > (3 

08)i:ll8¥fTlcJ^fi£-r4XSi:, X^^^^" :f • >(30 



8)lcje-3Ti|ii9«:';7X/\-(300) $»«-r-6xst 

<b«8i|i«{*S^-*«jfr*ia^I=tetxTi|i««:':>l/\- 

^^(iS8tt:«^SfiJSr « C i: -5 C i: ^ ^l^*! 
[0 0 2 2] fipi&, :(:feiflO!>^^l=J: U S^b^S^t^ jR 

T U— if— fi8lta{MWn©ffSa>ji5lcJKRE-r -6 c t A<-e 
i^lc. l^-aiBI;b>&S{b1^¥«{4:%'7-icSf&S$ 

[00 2 3] ^SSit'tJX/x— t LT. LD (laser diod 

•y^T— S, n^G a N<Da>$i^7 KB, nMAIGa 
N<©^7 7'y KH. nMG a N(D3t#-f KH. S i $ K— 
ZfL I n(DlS§/a*^<b$1+fc^«fiT#F«|jgt'S.5 I 
n G a N OJSItJi. pMA I G a UO^^r ':f^B. pM 
GaN<Di/tiS^ \^n. pSA I G a N0!>^7-y KJB&U: 

fti't^x/x— t;:)5.;u«««iA^ e, c tF— *8ast 

UTS^bia*»t*:B t X e^^USffiOS® IC*DX^HB 

7-f>tll«JPfTl=^''-f-9— l=J:yx 1=31 * 

J^BRS-a-So a-^-lcJ:y«lc;iJo-C*Dff-r-5^i:-C 
S1b«S¥«{«:%7-$)^fie$-(*f=o ^tt$4l/::S1b«B^lli 
^*iS^■l*^5I*ltSffi®A<»S^C^KBE^4^rl^-5„ JilT. * 
flQQOXSlCfflt^ &4l«SB>^ ^l=OI.^Tfi^i£-r 
[0024] (aft«!i|ii9«:';;x/\r-l OO, 2 0 0. 
3 0 0, 4 0 0) S^b4a*»tt:'t?X/\— 1 OO, 2 0 

O, 3 0 0, 4oo^Lra, S« 1 O 1 ±|cS<b1A^ 
»«:i 0 2A<JBia**lfct©-Cfc«)o S^biBjitiaet*: 1 O 

2«)»«i 0 1 tLTi*, -b-^T-fr, xe^^u, K<b 
»a*-e--5fc«>i=i*-<#-7T-<rs«, xeij«.ius««:i: 

A<»®^cfflL^^,^^■^), •9-:7T'rrS«'Efifl*MBBi±)!><'S 

< mtbxmL^tzib:t^n^i}*mzmmi\zm <ztttj:i>o 

[0 0 2 5] mitHili^mi^ ( I nXG aYA I 1-X-YN, 
O^X. OSY, X + Y^l) l*MOCVDiiAf>H VP 

i:l=J:y4i»l*S^-i:L-C*Jffl-r4c:t*<-i?#3,. ifi^ 



(5) ^ga^ 1 1 - 1 6 3 4 O 3 



^#F«t3t i: -r * C ti -e * -6 • 
[0026] mim^^»\t/V^ K^-v ^> zfti<tt^6^:f^ 

5t y >r Ks D V D ?s ii\zmm^mum&Si u-^f- 

[0027] »«a)is$ tLxit u— »f — »ix«<Dlinx 

»S^ai * f:: <*: HI S«-r -5 C ;b<T* # ^ U— If- 

1 0 4l*U-if-lcJ:*fl6. aiSlt^^^aiL-C^^'^i^ 
--V>^r^ -V^ > ^; ^ ^ y cfe y a«-r * c i: 

[0 0 2 8] mim¥^»mmm$*ifz-^yT-(r&& 

O 0/imlsJlT)!)<W*LtNo 1 OOiimJaTfi^^*>tr> 

^ *v ^ 3S ^36<*3B: < Jt«Mesrc»«-r * C 
<ft«/=to3 0/lmfel±*<»*Ll^ B^b«a¥» 

So x-;iF>yiia>«f<DK^-fx*v^>^a'V>'5x-/ h 

X»y^>^;S^ffilNSCi:A<T?#*o 
[0029] f6*y-f Kffla)a<b«Ii#»{*';7X/\- 
irfSa^. S«-ejl«3 0 0/im/)Nf>5 0 0/im(Z)J5 

($i:A/i:A<afia>I5^T*i5i^)&tt'SCi:i:<i:-So U— »f 

ic<fcy»<-r'5)C^A<r-#Sc z<o^5ummit. mit 

[0 0 3 0] 3S:fc\ u-1f-A<IS«*4xfcS<b«3*»i* 

(136510 3. 4 O 3SKlNri8ftfflM3^i:^-<<7P • '^P^v^ 
a>ft«'C£»Sj^DX^ICB2 0 6. 3 0 SICE'S 



4^»anG)*(DS 1 a)^®mM*«2(D*®iciPi(tTa)fi 
&i;/xi*m 2 (o±mm<D u— 9^— uaxicttiiLr ^t^ai* 

'^7 X/ \— a>&iiJia>«ib * u— If — *DX * -tt r t i^o 

[003 1] ( U-1f-ftlX«) *aiMicffltx &*t4 u 
— lf-ftIX«i: LTtt. S<b<&*IStt:'!7X/>-3b<5*aipr 

»DX^ag3Sf;5i<}^japJffifeta)T*fcix«<*: 
l^o ftttWfCli, C02L/— If— . YAGU— »f— A!>X 

[00 3 2] *f-iDX«|Ccfeo-CBaSt$*v*U— »f 
-l*U>X<fif<D3t^^lc<*:yBTMlc<fcya>!?f3lS^S 

u— tf-BBStiCcfe y x/\-(Dfi«a>«jiafca<b 

;u^-*ii-rci: nicety sntt. mFi^'p^m^ 
(00 3 3] u— if-*px«rcj:-5x^7^-<:^- 

SCittlJ^So i*taS»:'!7X/\-^«l#-r* 
:^^—i>i:±T. S*. 9 0SIsllKJfei:a^iB»*-li-* 
c t ic<i: y wacD;;^ ^7 ^ -< • ^ > ^fl^fiKf « C i: t, 

[O O 3 4] 

mmm} immm^) i9$2oo/imT*&y%.^$;K 
fc-9-3^T-f T**«i:LT:MocvDai*«fflLra^b 

ia¥»i*S«B*ii-S<bia#3S«:';7X/N-$}^ja$-y- 
fc. e^b«94^«it:l#:S«$^»IL/t^(cfg3K%'F^'r€) 
Ci:;&<pI^ftcfe3i^SKt LTfiEM*-B:fco ^"T. 5 1 
0**C|Cj3tNTlS«*Xi:L"CNH3 (T>^xT) # 

X. TMG (h'j^^iu^'y^A) #x&t/^^yr# 

XT?fc**m**;^*S!E-r Ci:lc<*: y I5*li?l2 O 0:t-><f 
[0 0 3 5] TMG**X(7>35A$ih*^fc:». SJS 

aaoaa* 1 o5o**ci=:^ifin/NH3 

T) *fX. TMG^^X. K— /^>h*Xi:LrS i H4 

trccfey nS3>*^ hmtLxm<mtsm^ um(OG 

[0 0 3 6] JSttHr*. -S. +-vyT#XtZ>-3^i:$1i- 

j5j^;^a<D^g[^8oo*'cic«j#L^. Ji#4*xi:Lr 

NH3 (T>^— 7) TMG**X. TM I (hU 

S5-rCi!:fCj:yJ5$J?l3 nm(Or > K— I nGaNB 

[0 0 3 7] .^1±S±fC'>^^> KS^f^fiK3?1±4/idf)IS 
«:tfxa>3SEA^<9jl:LSJiB3$fi®aS* 1 O 5 O^'Clcft 



(6) ^BB¥ 1 1-1 6 3 4 0 3 



TMA (hU^^;ur;U5^'5A) TMG^X. 
K— h*'X^ LTC p2Mg (5x<7D^>^S>x;u 

3SLpS^5*> KSt LTI5$J?|0. li/mCDGaAl 

[0 0 3 8] fi^lC. jgfESB(DiaS$ 1 O 5 O^CICH 

m.mnii7.t[^xHHz (.7:^^—7) iST.^ tmg 

T**Xi: LTTK^itfX^gtL pSzi hSi: UrJ5 

$ttlO. 5/im(DGa NB$}^fiE$ii-/c (@1 

(A) ) o (^ffc. pMS^b!|a¥»tt:Bli4 0 0*CJa± 

C 5 Ur J^fiR **lfc^|i3S(*Ox/\- 1 O O Sf^^aF+ifr 
S<b«3*»t*: 1 O 2 ;&<± f C )Jf ^ c*: d IC±T • SS(0^® 

(iKS3 5 6 nm) * -ft:? T TS« 1 O 1 ± 
lci^fiR**tfca<bia*»i*l 0 2(il3&^t)figltL. j!liS/»< 
■9-:7T>rTS«1 O 1 a)D§Kffilzte«*i*J:3lcu—- *f 
— a)3t^^*l)ISLfco ISfiL/cU— tf— 1 6 J/c 

m2-eRas* s iJ-3S/>< ^ X 7^- * -fr 4 c ^: f c J: y 

:^ ■ ^-<> 1 o 3 ^mm\zmiSCti>. f^fifc**Lfcxi^ ^ 
v-f >i 0 3(*. a^btt^^Wft-I^x/x— 1 0 00) 

i®;J)^&a^<»:-&*L-f *L;6<-^a)^lzS<b!^*»(*:^^ l 

1 0i:<f-&J?|3 5 0iimfta)**$ICj^fig$"e-Cfc« 
(01 (B) ) o 

[0039] »f-J!raxaa> u— if — gastfflo) 

0 1 0 2a)±®AMb-9-3?T-rT»«1 o 

1 ica'r«>»api o4s-f^fiK-r^o -^^-f-t^—dj^yj^fiE 

**Lfcaiffl1 0 4f*. U-if-BaS*lcJ:yj^fiE*ttfc;^ 
^"y^-J * 7-01 0 3i:*»tt:';7X/\— 1 OO^^L 

-c¥*Ticj^fig*4xrfcy. «s^i o4is®i:if:7T-<r 

S£ 1 o 1 %o^mt,(j>mmt^. i o o // mrrsi^i^— 

(01 (C) ) c 
[0 0 4 0] 7k^=7^-J ' =7^'>^ 0 3fC»o"C. 

Eia)p-v-(cj:y^s^ftffi$-a-. a^bift4i»»'t7x 

•r*tt^*v e></-\?><7 ^ ^7<z)/d:t^a<b«i*»f**^- 1 

1 o*fi^fie-r^ci:A<t?^^ (01 (D) ) o 

[0041] 1 T?ttU-if'-3b<IHSt**t&S<bia 

^3Jft:i O 2;{)<Jf^fiK*4xfc**i*'t7X/>— 1 0 00)^® 

ffllTM±3S<S<b«84^»«:i 0 2&0:-9-:7 7'^T&fil O 
1 SaaLfc*»(*';7X/\-i OOa>M(||i:35fS-9-^ 

T-rrssi o 1 js®T-«3fc*+ifcu-if-iCcfey;^^ 

[0 0 4 2] *«{*';7X/\~ 1 O O (DS<b!Bg*»»: 1 o 



rjsif<7)s«i o iica^43isBi 0 4«j^fiE-r*ci: 

TS^b*j!)^»{*m^- 1 1 0^^»i-r^Ztti<X*^^o 

[0 0 4 3] ftfc. • ^-f >i 0 3a>i&^$ 

*-v^-a>;H«. se<bic<k-&iiDxafia)/^^*>+. 
*fc. ¥»^*'l?x/^-a»tffll/^^by£lta)lIox-e. 
»®rcfct^rtJ^tt(D}i}ofcS^bJKi*»<*^ 

^1 1 0*«i&-r*c4:;!)<ortei:3Sy. S!iS*8*y* 

^h*<L. *»»*^<o«y»*[Ri±$i*4ct/»<piffi 

-6ftlX<-rA<S<b1»4t»«:i O 2 JLrcf*S|-r-6Ci:<i:< 

[0 0 4 4] (Illi&9!|2) Ilt£«!l1 ^i^fillcLTj^m^ 
ittz^^H^"^ ^/\—iz^ R I E (Reactive Ion Etchin 

y7^7&WLto>mnmt}mm'ti>mx^v'f'><ftsit 
«ja(Dfttts^bia^»tt:® 2 o 5tmf&$tifz^^m»'^ 

sffi-r * J: 5 ^ X ^ a? -B- X ^ > y $ -frT 

4? y >^s*lc.*:yfl^j«S*LTt^-5 (02 (A) ) o 
[0 0 4 5] C<7>*»(*^X/\— 2 O 0^||S6<5I11 ^1^ 

«a)L'-if-JiDxai::HSffiB*ii-fco Sll6«l2lcfct^ 

r t u-if--jiDx«Ax&a)u-if-sfi<b«5¥»»';?x 

-<7»«2 O 1 <ommti^h> 2 O /f m<D-9-'7T-f r»«rt 

fcU— if— 3fe«Sl 6 J/cm2t?figS*^F■t^•>B:A<f>;^T' 
-^^^»«I^F1±«Ci:lcJ:yi^:7T-<T JS® ftis 

>*f^fiKf * (02 (B) ) o 
[0 0 4 6] if— (^^0) ^laSL 

«2 0ia>±® (^ibia^SttcDj^iSSOT) icstf+i^ 

7^-vS»»$-B-*c^:ic«fey. ¥»»';7x/N-ica<b 

fi5a>±® An t> if T -f r Sffiic^-r * 3ia $ 

mm^i>o mm*itzm»2o^\t. tt}x%sB2 0 6 

i:if:7T-<rSffi2 0 1 ^^\^xmWi7lzmf&titX& 
-60 ftfc. U-if— BBI*lc<*:yj^j«**Lfcif:7T^Ta 

«2o ijt<D3tffl2 0 4ii. me^(ommk-^'yT^7& 

cfc^rciSfiLTfeSo aFt>l::. U-if-3ti^l6*ia8SL 
au. S^^>!)<if37r^TS«2 0 1 izmif^HtzMS^m 



(7) 



1#Ba¥ 1 1-1 6 3 4 0 3 



® IClftIt t>*Vfcj»» 2 0 4 0)11® ICgg* 3 tl mCD A<7 

^-y:^- ^-oaoT^^m-r* (02 (c) ) p 

[0 0 4 7] jSt^T. mSB ^Ts^^^^ ' ^-f » 

L. LED5^'v:?2 1 OS^HS-a-fc (B2 (D) ) o 
[0048] C-5LTJ^fiS$*tfcLED^*y::^lcm^^ 

ic e > i: r t > ^ t O I±f5 i: >u <i: o fco 

[004 9] S?Jfi«2-ett*»»';?X/N-<Dtt-S(MA^f> 

fc«a)S<b«i*iiw**^<z)«Mtt* ifii±*-a-« c fc A<pr 

S L < littStti/- h -5 c t ft < inx3&<3is-e 

#So U— tF-Bg|tlcJ:4*DX<-r<D«*4,ft 
t>o «i:fc\ if— ^^X-e^i:<»<D^^Ja$y^■9■ 

[0 0 5 0] u— tP-iCcfcoT«ffl. x^^-<:?-^>r 
>*a<bia*»<t';7x/\-ic« Lri^««i-e*Dx-c* 

it(z>ftix-e. *an*';7x/\— ia5®;6^e>tt^xLfca)i:l^» 

36<««-e*4»«iy«*/hS< L. a<b)Ki¥»{*';7x/\ 

[005 1] *3^^*B®)5^e)(DJ«g^*t u— if 
-iccjzyj^^-rsctT^ <*;yiB<Dtti\«*}^^-r*c 

^ y SS ^ $ »=) fcffi) Ji $ -a: ^ z A< pjt6 <b 3S o 

[0 0 5 2] (^16^3) HjHEMl ^f^llflcLTfi^^d 

-l*fc^»{*'!7X/\-3 0 0lC. ^46-9-:7T-YTS«3 0 
1 * 8 0/im*-e«FBL-Ca®tt±Cf *+fCl^4o CO) 
a|i»»:';;x/\-$2ft«3iti»«:3 O 2 A<Wli**tri^3S 
l^-9-:7 7-<TS«3 0 1 ®*±lcLTlll£«q 1 i:[^l«a> 
U-1f-Aax«(DX-r--i^lcB^iBa*1i:/c (03 

(A) )^ - ^ - ^ ^ ^ - 

[0 0 5 3] 3llSfiS3lCj3t^rttU— »f-Jinxa (5F^ 



0) A^e>(Du— if~ss<b%4ta»<*';7xy\— 3oo<z>s 
<b«i*awt3 o 2/»<}^fiR$*tTt^^i^-9-:7T-<ra«3 

0 1@{I3 (SIKStibSffll) ;b^^^ltL. m^;()<S^b4^^ 
»{*:3 0 2 4t:-9-:7T-fT»«3 0 1 a>»®(Cl8tf*l*<k 

<j:;&<t> U-if-^RaSfr-SCtlcj: yS<bia4i»i*3 O 
23fci;a<b«i*»i*4:»Lfc-9-:7r ^T»«3 o i S(ls 
ifi^fzjDXlEHB 3 0 8 -efe-S:^^ ^-r 3f • ^-<>^at 
«izai<3!>x>;^-f ^-OtLTJ^fiK-r-S (133 

(B) ) o 

[0 0 5 4] if — J!rax«a) if — raitfflo) 

x/\-a)HS*«l#Lfc**y-f -9— izcfc y ks 

Kft3 O. O O O r pm. tiOSriSS 3 mmX' s e c "CS 

>r"t>— icj:yj^is$+Lyi«gEr*. $sis<tt^inx^ag3 

O 8 i:BS¥fTlcKlt'E>+i«SB3 O 9<Z)jS®i:-9-:7r^7 

t Atig* u-if-<D«ia * ^r-f -9— iz cfe y j^fiK * *tfc 

»SB3 0 9(DIS®fz^*?-tJ:-5o U— if-RSStlCcfcy. 

yT-(T&&3 o 1 icj^m*ttfc«ffl3 o 9<ois®izas 

**?i3/im(Dii2a)x<7^-<:^ • ^-r>3 0 7*}^ja-r 

^ ms (c) ) o 

[0 0 5 5] »2<DX^^'<^- ^-f >3 0 7|C;tto 
■C. a-^- C^^vEl) lc<feyiSa^7bN(tS^b!t&4i»{t: 

H7X/\-*«l»T»«ILa^b!|&*»(**^3 1 o*j^SiS? 

•ti-fc (H3 (D) ) o C3Lr}^«**tfca<b«5*»»: 
m^a)«J was® 13 li^ tf > C T L> t <D 

[0 0 5 6] ||JS«ll3lCiBKa>^5Sl*. ■^:p7-(tu^ 

ft«3 o 1 X®fla36'&S4b«g#«{t:3 o 2 lciiL«:i'» 

ffl3 0 9*^«^}^fi)t-r«Ct-C. U-lf— lC<*:ymfiK* 
ttfcX^ ^-f • =7< >lz;i^oTSaic;bNOiE5ilcS^b 
«84t3W*ai^-3 1 0*i^«-r«Ci:*<Rrfi6i:«:«c Lfc 
i^-oX. ±M. «®lctel>-CtJ^tt(DSJofcS<b!|^¥» 

&t;ssta#s^ya>[Ri±;b<prfi&<!:«:«o 

ic y >r -tt— iz j[rax * c <t t r* ^ ^ o 

[0 0 5 7] • ^-f ><OJ^JiE*U— TffT 

<blCcfc4Jtaxfl|jsa)/^^*>:^. :^jfeXfta)fcA^)icai^-r 
H;x/\-^i>o< yii-rc:t3fe<. *«(*';7x/\-(D>t 

ffia €) /£ l+<DAOXT?i»£»{t ^5 X/ >— laSffiA^ €)1JPX L fcO) 
fit3t-rSCj:/><BTtgi!:/c>:y. SSiS^S^ y ^K^f^l^O) 



(8) 



11-16 3 4 0 3 



[0058] (iij56cq4) mmm^ tmmzLxmf&^ 

'\ttz^^SH^'^:L./\-^{Z^ R I E (Reactive Ion Etchin 

g) iz^-oxmim^m^mmmt^^mtmat^Hi^-*^ 

tt:':7X/N— 4 0 0^ffil^^o X»v5^>^KlZpn 

tt:';7X/\— 4 0 0a>-9""7r-<T»«4 0 1*1 0 0 urn 
*T*PSLT«®tt±lf*-B-'6 (04 (A) ) o 

[ o o 5 9 1 *»i*H7X/\- 4 0 0 *S<bia¥»i*/><:fe 

<aB$+tri^?Si>-9-:7T-<rSffi4 0 1 SJifcum 

I6fi4 1 i: i^«cD u— tf-aoxa (:f*ia) ica^isa* 

ittzo Sllfifi«4lC*5l^riiU-1f-»IX«0!)U— If— s 
iti»(*';7X/\- (4 0 0) (7>m<bia¥»tt: 4 O 5 ;!)<fl$fig 
*tt"Cl^3S:t^-9-:7T-f r»S4 0 1ffi^i!lA^e>RaltL. IK 

^l*S^b^^¥»^*4 O 5;C)<8!g$*Lf-i:J-:7T^TS«^ 

(Cj:y-9-:7T-r7Sffi4 0 1 lCgg$$?j4//mCDmiO;^ 

^^-r:?- ^-f >4 0 3*««tlcj^fiR'r4 (H4 

(B) ) o 

[0 0 6 01 iy-'^-^^^^MifmSLXi^— 

if-(Dj6filCj:y. a<blSl*3l(t'5xy\-|c-9-:7T-fT 

S«4 0 1 {&W^f>S^b!fel^at*4 o 5®lc5iL^i:t>«SB 

4 0 9*Sl <DX^7^^3f • ^-f >4 0 3lC;fto"CJ^fiK 

^-f >*j^fiR-r« (B4 (c) ) o 

[0061] x^^>r :^ • >i:i;t^oT. p— 

i^Tjkm) ^cJ:y1sa*/l^(ta<b«34tan*'>x/\-s» 

8iLS^b!Bj*»i**^4 1 O^J^^^ti-^ (1214 

(D) ) o 

[0 0 6 2] i^mt*ttz&im^!^»itim=Fx»!>i> led 

^*>:>'iciiB*-a-fci:C5f5itit«3tpitl-e&y. ^(D 

Ml® *ia-<fc i: C 5 ^ e ^ 'V <7 3b<± C Tl^ 4 

[0 0 6 3] X^^-f 1^ • ^-rxDJ^iS* U— if— -efr 

{*H7x/\-a»tffli*^&f£ita)ttix-e. i|i»{*'>x/\-rB 
fiA^b^^xLfc<0il^fila)jas*^#b4^. mikom^tz 



<L. a<bi»¥»tt:';?x/\-Ax6(D*a«*^-v3f(o»y 

a * fp] ± $ -a- 4 C i: ^ tl t * o 
[0 0 6 4] (HJfiWS) ggJfi«1<DYAGU— 1f— <D 

fi^st(Dftt>yicx^s/7 . u-if-*ffli>fcianfiiiffi 

fiHl tf^«fCL-C¥»{*'>Xy\-*»ttLr LED^*:/ 

[0 0 6 5] (ib««ili) u-if-*Dxa)ft*5yfc4r-< 
■v^> Kx^^-</\*— iCcfey«yiiL3iiix^^-f 

fcJUm*SISfi«l il^«l::Lr*»i»:H7X/\-S»)i* 
•y-fco lt»fiqia)^SI$4xf-Sibia¥«{**^f*Sfi»M 

T<z)*e*yT*&ofcc #««:';7x/\— (Dia5®fc 
<$?ji. 5fg<oKraA<ffl*^oyco 

[O O 6 6] 

[aiB-Ba)«iS] *agB^(DSjbi|^*»tt:m^<DS!jS:^xfe-e 

(*. U— if-S*^&fi^|*LfcU-1f-SU>X&i:<Z>ft 

!¥S-ca*-r«ci:izj:y. Bra(D«^fta-ex*iu:¥ 

S^bia*»«:'t7X/\-*SjaLfcU-1f-<Z)IK^i&ffJffi 
■r«o =F^3te»itSBi:<»:'5a<b«s*aH*'!7X/\-|C3fei¥ 
Wnwm Ufc U-if-* rai* L. !&S<i:S<b1»*W(t:H 

a)S«*-r €> c tu< a^b^*«i*';7x/N-cD »f- 
s^it® ic» L •c^aw*'!? X/ \-a)s**fflaa)® * -c g a 

[0 0 6 7] Lfc3&<oT. *:«B^f*a<b^¥»(*'!7X/\ 

LfcWM(Dj»jSr-a)*Dx*«ffl-r s c h: \z^ 

y. a^b!ia*SH*'!7x/\-*fi®fig;!)NP>jbDX-r-6ie^MA< 
ft-ffl)&^e)a)j^<DiPX-eS<b«a^»<t'!7x/\--a)a 

Lfc/>^oT<*:y*H*y*rSl±$-ti-. MoJ^ttlc/<^*> 
+*<{l^/d:t^S<b1S*»t*:«^&i;*<7)*iStt(J!)fil^S!5fi 

[0 0 6 8] 

[g|(7>fiSm^c»:E%B^] 

[01] 01 (^:«:%^a)ll£&«!l 1 lcfeMt'&4i«i«:'!7X/\ 

[OO 6 9] 

[0 2] 02li:*:«K(D||je«l2lcfeNt«#«it:'t?x/\ 
[007 O] 

[03] 03 f***Bja)SiJfiW3 iztei+^4i»ft';7x/\ 
~a)»«i:&.*S^Lfcaswffl»K®0-efc«io 
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